41
Here we investigate the interplay between intrinsic mechanical and neural factors in muscle 42 contractile performance during running, which has been less studied than during walking. We report Patla, 2005) . The delays associated with reflexes may cause them to be destabilising at high speeds.
114
Consequently, it has been suggested that reflex gains tend to be reduced with increasing speed of 115 locomotion (Capaday & Stein, 1987 history (Josephson, 1993 (Josephson, , 1999 Marsh, 1999 
136
This perturbation is similar in nature to previous studies on walking cats, described above 137 Hiebert et al., 1994; Hiebert & Pearson, 1999 
214
Crystals were secured with 5-0 silk suture after verification of signal quality with an oscilloscope. 
237
The transducer leads were connected via a micro-connector on the bird's back (GM-6, Microtech
238
Inc, Boothwyn, PA USA) to a lightweight 10 m shielded cable (Cooner Wire, Chatsworth, USA).
239
The cable passed to a pulley system on the ceiling to allow low-friction sliding of the cable as the 
278
This resulted in a sample size of 2-3 U trials per individual. We also processed 3 C trials for each 279 individual, choosing the trials that were closest to the average running speed of the U trials. We 280 analysed the following stride sequence ( 
286
However we included only C Stride 0 in the ANOVA, to maintain a balanced data set.
288
We calculated the myoelectric intensity of the EMG signal in time-frequency space using wavelet (Josephson, 1993 (Josephson, , 1999 Marsh, 1999 
328
The pre-stance period was the 2 nd half of the swing phase, and in U trials this was extended by the 329 tissue-break through period of the perturbation (Fig. 1) 
366
In the perturbed stride (U Stride 0), the gastrocnemius (G) exhibited large, rapid changes in 367 mechanical output (Fig. 1) . The force-length dynamics of the perturbed stride varied considerably 368 (Fig. 2) . Nonetheless, several aspects of the force-length dynamics in U Stride 0 were consistent 369 across trials and differed significantly from C trials. In the description of the G perturbation Fig. 3 , Stride 0). The average E tot in U trials was 401 slightly greater than C trials; however, this difference was not statistically significant (Fig. 3 , Table   402 1). In many trials, the magnitude of muscle activity differed significantly for short periods of time 403 within the stride (Fig. 2) ; however the differences were small and variable in timing. Most trials (Table 2 ). In U Stride 0, the 440 change in hip height is primarily due to a change in contact angle (Table 2) 
451
The role of distal hindlimb muscles in perturbation recovery and stability
452
A previous study revealed that guinea fowl achieve impressive stability following this unexpected (Fig. 4) , mirroring the posture-sensitive limb 467 and joint mechanics observed in the previous studies described above.
469
In considering the implications of gastrocnemius force-length performance for running stability, it 470 is helpful to review three hypothetical strategies for handling a substrate height perturbation (also have led to some of the observed variability in the subsequent response. However, the intensity of muscle activation significantly differed from level running only in the first stride following the 537 perturbation (U Stride +1, Fig. 3 ). In the perturbed stride (U Stride 0) there was slight tendency for 538 increased muscle activation which was not statistically significant (Table 1 ). An increase in 539 activation would tend to increase force output, yet we observed an 81% decrease in peak muscle 540 force (F pk, stance ) in U Stride 0 (Table 1) . These findings suggests that in U Stride 0 the effect of 541 altered activity on G muscle force is small compared to the effect of intrinsic mechanical factors.
543
Intrinsic muscle properties and current neuromechanical models
544
The most likely intrinsic mechanical factors would seem to be the instantaneous force-length and 545
force-velocity properties of muscle, considered primary factors in muscle contractile performance 546 (Josephson, 1999) . Most large-scale musculoskeletal simulations use Hill-type muscle models that 547 treat activation, length and velocity as independent, instantaneous factors that influence the force 548 output of a muscle. Thus, the only intrinsic factors in muscle output in these models are 549 instantaneous effects.
551
The decrease in force during the break-through perturbation occurs simultaneously with increased 552 fascicle shortening, consistent with instantaneous intrinsic factors (Fig. 2) . In the subsequent stance 553 phase muscle-tendon force remains low relative to level strides. In the statistical analysis, we have 554 compared muscle force between U and C strides at the time of the stance phase peak (F pk, stance ), 555 when leg is loaded by the body, although these occur at different absolute times relative to stance 556 onset. This shows that F pk, stance is reduced by 81% while the fascicles are at a similar length (L pkF ) 557 and undergoing stretch (V pkF ) ( Table 1 (Table 1) . It is well recognised that a muscle's recent contractile history influences contractile 565 performance (Edman et al., 1978; Edman, 1980; Josephson, 1999) . In particular, muscle shortening 566 early in a contraction leads to reduced force later in the contraction (Granzier & Pollack, 1989;  567 Josephson, 1999 (Hiebert & Pearson, 1999) . In contrast, the present perturbation 589 study did not result in a consistent, significant change in muscle activity within the perturbed stride 590 (Fig 3) . Evidence for reflex feedback, as suggested by small peaks in myoelectric intensity in the 591 stance following the perturbation (Fig. 2) , existed in some cases; however, this was quite variable 592
and not statistically significant across individuals (Fig. 3) . Nonetheless, sensory feedback likely 593 plays an important role in regulating muscle recruitment during the first recovery stride, as the 594 intensity of gastrocnemius activity was 2.2-fold higher in the 1 st stride recovery following the 595 perturbation (Fig. 3) . By this time, a number of neural mechanisms are likely to be involved,
596
including longer latency reflexes and higher brain centres (Dietz, 1996; Pearson et al., 1998 at a steeper angle (closer to vertical), hip height is higher (see Table 2 ). This is also associated with Figure 4
